Background. Vitamin D is considered to be an important co-factor of metabolic processes. However, the available data is ambiguous. some data indicates an important role of vitamin D in adipocyte metabolism, and hence also in obesity -a well-known risk factor of diabetes mellitus and cardiovascular diseases (cVD). Objectives. to assess the prevalence of vitamin D deficiency and to evaluate the relationship between serum 25(oH)D concentration and metabolic disorders in elderly patients attending primary care. Material and methods. this observational study was performed on 110 elderly patients: 88 females, 22 males, caucasian, > 60 years. a questionnaire was completed concerning lifestyle and chronic diseases. clinical examination, anthropometric measurements and laboratory tests (25(oH)D, lipids, glycemia, blood morphology, serum creatinine, ptH) were performed. BMi and wHr were calculated. patients reporting physical activity (walking, Nordic walking, swimming, cycling, other) ≥ 150 minutes per week were classified as "physically active". Results. Vitamin D deficiency (25(oH)D < 30 ng/ml; < 75 nmol/l) was found in 84.5%, extreme deficiency (< 10 ng/ml; < 25 nmol/l) in 6.3%. a significant correlation between serum vitamin D deficiency and visceral obesity was found (p = 0.02). No correlation was found with BMi, physical activity, lipids, diabetes or cVD. Conclusions. Vitamin D deficiency was found to be highly prevalent in the examined group of elderly people. Visceral obesity in the elderly is associated with vitamin D deficiency. Vitamin D supplementation may supposedly contribute to prevention of obesity and its treatment. 
Background
Vitamin D is suspected to be an important co-factor of metabolic processes, acting, in fact, as a hormone [1] . the best known role of vitamin D is its participation in bone metabolism [2] . Vitamin D receptors (VDr) have been found in multiple tissues and organs important for bone mineral homeostasis (e.g. bones, kidneys, parathyroid glands), as well as in those not involved in such processes (e.g. pancreatic beta-cells, cells of the immune system) -influencing the appropriate functions of the organism. Vitamin D deficiency is believed to play a role in the pathogenesis of neoplasms and psychiatric disorders. it may also increase all-cause mortality [3] . there is more and more data on the important role of vitamin D in the metabolism of adipocytes, and thereby in obesity -an increasing worldwide threat. the number of obese people has exceeded 1.5 billion worldwide, and it appears in a younger and younger population [4] . the worldwide obesity prevalence in adults ranges from 5 to 75% [5] . excess body mass is also present in children and adolescents (e.g. 10-30% in europe) [5] .
in poland, there is also an increasing number of people with overweight and obesity. it is estimated that nearly 50% of polish adults are overweight, and 20% are obese [6] . this percentage is even higher in the elderly (overweight > 40%; obesity > 30%) [7] . overweight and obesity also concerns polish children and adolescents (15-20% and 4%, respectively) [6] .
obesity is one of the most important risk factors of diabetes mellitus (DM) and cardiovascular diseases (cVD) and their serious consequences.
there is increasing evidence that, owing to VDr presence in different organs, vitamin D is of great significance in the pathogenesis of "civilization-related diseases", such as DM, cVD, metabolic syndrome (Ms), heart failure, hypertension (Ha) and vascular inflammation [1, 3] . the influence of vitamin D deficiency on atherosclerotic vascular changes is a complex phenomenon. a decreased serum vitamin D concentration leads to increased activity of the renin-angiotensin-aldosterone system (raas), insulin-resistance (ir), inflammation and, finally, to cVD [1, 8] .
there are two general sources of vitamin D in humans: sunlight (uV irradiation), which is responsible for the majority of vitamin D supply, and food rich in this fat soluble vitamin (e.g. fatty sea fish).
Vitamin D3 (cholecalciferol) is obtained through conversion of 7-dehydrocholesterol in the human skin upon uVB radiation. it is converted in the subsequent processes to 25(oH)D (calcidiol) by the liver, and next to 1,25(oH) 2 D (calcitriol) by the kidneys. calcitriol is considered to be the active form of vitamin D, but the calcidiol concentration is found to correlate better with the actual serum vitamin D status and is regarded to be a clinically appropriate indicator [1] . a favorable 25(oH)D level starts at 30 ng/mL (75 nmol/L); severe deficiency is recognized at 10 ng/mL (25 nmol/L) [9] .
Vitamin D deficiency is a worldwide problem and a public health concern. it is estimated that nearly 90% of the european and approx. 75% of the us adult population is vitamin D deficient/insufficient [10] . it is hypothesized that a decrease of vitamin D serum concentration can increase the prevalence of obesity. a number of studies have revealed an association be-tween obesity and vitamin D status, i.e. an increase in adiposity correlating with lower serum 25(oH)D [11, 12] . it is considered that adiposity may even be primarily responsible for low vitamin D levels [13] . obese people are more likely to present suboptimal 25(oH)D [14] .
poland is one of the largest european countries, and its society is aging. the number of people > 65 years is 15% and is still increasing [15] . Data on vitamin D serum concentration in polish elderly is scarce. the prevalence of overweight and obesity increases with age and attains the highest percentage in 60-69-year-old polish seniors (44% overweight, 28% obesity) [15] . similar data came from the pol-senior study (2007) (2008) (2009) (2010) (2011) , which showed 40.8% overweight and 31.9% obesity in patients aged > 65 [7] .
Objectives
elderly people with cVD constitute a significant number of patients at family medicine practices worldwide. therefore, the aim of our study was to assess the prevalence of vitamin D deficiency and to evaluate the relationship between serum vitamin D concentration and metabolic disorders (especially obesity) in the group of patients aged > 60.
Material and methods
the study was conducted on a group of 110 primary care patients (88 females, 22 males), caucasian, > 60 years old. in each person, a questionnaire was completed concerning lifestyle (physical activity, smoking, diet) and chronic diseases. clinical examination, anthropometric measurements and laboratory tests (25(oH)D, lipids, glycemia, morphology, ptH) were performed. Body mass index (BMi) and waist-hip ratio (wHr) were calculated. patients reporting physical activity (walking, Nordic walking, swimming, cycling, other) ≥ 150 minutes per week were classified as "physically active". the study was conducted in autumn and winter (september-December). all participants received precise information about the aims and procedures of the study and signed an informed consent form. the procedures were conducted according to the Declaration of Helsinki (revised 2000). the study was approved by the ethics committee of the Medical university of Lodz, poland.
Statistical analysis
Descriptive statistics were presented with standard deviation (sD) and mean, categorical variables as number of subjects and percentage with 95% confidence intervals (95% ci); pearson chi-square test (χ 2 ) was used to compare the groups of categorical variables. a p-value < 0.05 was set as statistically significant.
Results
the group characteristics (n = 110) are presented in table 1. in the questionnaire, those examined reported: DM in 19% (n = 21); dyslipidemia 43.6% (n = 48); cVD 68.2% (n = 75). physical activity was reported by 80.9% (n = 89), and out of these, 65.5% (n = 72) reported > 150 minutes/week. the results of the laboratory tests revealed hyperglycemia in 44.5% (n = 49); abnormal total cholesterol (ch) 63.6% (n = 70); abnormal HDL 10.9% (n = 12); abnormal tg in 22.7% (n = 25). Vitamin D deficiency (25(oH)D < 30 ng/ml; < 75 nmol/l) in 84.5% (n = 93) (table 2); extreme deficiency (25(oH)D < 10 ng/ml; < 25 nmol/l) in 6.3% (n = 7) (table 2). No abnormal ptH results. [17] . the results also correspond with world data, estimating that nearly 90% of the european adult population are vitamin D deficient/insufficient [10] . we found a significant correlation between vitamin D serum deficiency and obesity (p = 0.02) in patients aged > 60.
Due to global vitamin D deficiency and the probable relationship between vitamin D levels and cVD risk factors, special attention is paid to the correlations between 25(oH)D and elements of metabolic syndrome (Ms). at times, the results of studies considerably differ from each other or are not consistent [18] . there is also a hypothesis of a "u" or "J"-shaped association of serum vitamin D concentration and cVD risk (at low and higher vitamin D levels, the cVD risk increases) [1] . there is growing evidence for a strong association between vitamin D deficiency and Ms components [19] . the results of our study also confirm the correlation between 25(oH)D deficiency and obesity.
obesity seems to be a pathology closely associated with vitamin D deficiency. evidence for this comes from research conducted on small, as well as large, groups of patients. Vimaleswaran et al. research (> 42,000 patients) proved that there is a strong relation between obesity and lower serum vitamin D and suggested that obesity is the causal risk factor. the study revealed that an increase of BMi was associated with a 25(oH)D decrease [11] . an australian study (> 11,000 patients) also confirmed that the prevalence of vitamin D deficiency significantly increased in obese persons with age [20] . there are observations on correlations of vitamin D deficiency and increased adiposity. in a retrospective study on hospital patients (2009-2011), guasch et al. found that low 25(oH)D levels are associated with a higher risk of Ms and atherogenic dyslipidemia [21] . the Framingham Heart study also revealed a strong association between vitamin D concentration and subcutaneous and visceral adiposity [22] . another study, performed in puerto rico, revealed among 94 overweight and obese adults a significant inverse correlation of 25(oH)D with percentage of body fat. obese patients (41.4%) were vitamin D deficient compared to normal weight (33.9%) and overweight individuals (30.3%) (p < 0.05) [14] .
some recent interventional studies confirm the importance of vitamin D in lowering obesity complications. carrillo et al. proved that vitamin D supplementation in overweight and obese adults during resistance training led to an early improvement in peak power, as well as the fact that an elevated vitamin D level was connected with lower wHr [23] .
Hypertension (Ha) was revealed in 68.2% (n = 75). overweight and obesity prevalence in the group is presented in table 3. a significant correlation between vitamin D serum deficiency and visceral obesity was found (p = 0.02) (table 4). No correlation was found with BMi, physical activity, lipid profile, diabetes or cardiovascular diseases. 
Discussion
the results of our study showed a high prevalence (84.5%) of vitamin D deficiency in the examined group of elderly patients. this is comparable to the results of other polish studies; e.g. stolarczyk et al., conducted on 107 post-menopausal females, in which only 6-17% of the patients (depending on the season) had an adequate serum 25(oH)D level [16] . it is also comparable to the results of the research by Napiórkowska et al. performed 25(oH)D and a higher incidence of cVD and all-cause mortality [35, 36] . another important observation was presented by grandi et al., who reported a cVD mortality risk increase by 83% in subjects with low 25(oH)D [37] . on the other hand, a recent systematic review of 40 randomized control trials showed that vitamin D supplementation to raise serum 25(oH)D concentrations above 50 ng/ml did not reduce the relative risk of coronary heart disease in community dwellers by more than 15% [1] . in another systematic review by chowdhury et al. involving 22 studies (30,716 patients), it was found that supplementing vitamin D 3 resulted in a modest 11% relative risk reduction for all-cause mortality [3] .
it should be emphasized that some meta-analyses clearly indicate that, in the elderly mortality and morbidity associated with a body excess increase at BMi > 30 kg/m 2 [38] . therefore, all factors potentially influencing obesity in the elderly should be carefully analyzed.
our study was performed in a group of 110 elderly patients, out of which 20% were male. Vitamin D deficiency was high in the whole group (84.5%), with extreme deficiency in a few patients, mainly females. this may correspond with Novara atherosclerosis study group data, which showed gender differences for vitamin D status, with a higher rate of deficiency especially occurring in post-menopausal females. Verdoia et al. found that the female gender was associated with lower vitamin D levels and independently associated with severe vitamin D deficiency (p < 0.001) [39] .
to summarize, despite multiple data, the question of the role of vitamin D in human metabolism, as well as cVD pathogenesis, is still not fully explained, especially in the context of gender differences. therefore, it requires further research. one of the most frequently found relationships is the association of vitamin D deficiency and obesity. this observation was also confirmed by the results of our study.
Conclusions
Vitamin D deficiency was found to be highly prevalent in the examined group of elderly patients. the study revealed a strong correlation between vitamin D deficiency and visceral obesity. Vitamin D supplementation may supposedly contribute to the prevention of obesity and its treatment. the problem needs further investigation on a larger group of patients. on the other hand, one should take note of the study by Kienreich et al., summarizing the most recent data on the involvement of vitamin D deficiency in the development of major cVD risk factors (Ha, obesity, dyslipidemia, DM, chronic kidney disease, endothelial dysfunction). No significant relationship of vitamin D and obesity was found, but it was concluded that vitamin D deficiency is an independent cVD risk factor [24] .
there are multiple observations concerning the association of vitamin D status and insulin sensitivity. one of the most important is a longitudinal study (17-year follow-up period), which revealed a 40% reduction of the risk of DM development in people with 25(oH)D > 28 ng/ml at baseline [25] . there is also research showing an inverse correlation of vitamin D concentration and the risk of progression to prediabetes or DM, as well as studies showing a correlation of 25(oH)D with insulin sensitivity [26] . However, there are also studies whose results do not support such an association [27] . Badawi et al. (1, 928 canadian patients) found an inverse relationship between ir and the plasma vitamin D level. it was also revealed that the supplementation of vitamin D may help in preventing ir [28] . Vitamin D deficiency is thought to influence the pathogenesis of DM by affecting either insulin sensitivity, β-cell function, or both [28] .
one of the other Ms elements -dyslipidemia (high tg, low HDL) -is considered to be associated with vitamin D deficiency [29] . in the NHaNes iii study (8, 421 participants, > 20 years old), a significant inverse correlation was found between higher 25(oH)D and hypertriglyceridemia, hyperglycemia and abdominal obesity. generally, the results showed a higher prevalence of Ms in people with a lower vitamin D serum concentration [30] .
Vitamin D deficiency is a risk factor for hypertension; however, randomized controlled trials revealed mixed effects of vitamin D supplementation on blood pressure (Bp) [31] . one of the results of the NHaNes iii study confirmed the inverse association of 25(oH)D levels and Bp, especially strong in people aged > 50 [18] . owing to the performed meta-analysis, Kunutsor et al. revealed a significant inverse correlation between 25(oH)D and the risk of Ha [32] . Vitamin D negatively regulates raas [8] . interesting results of a meta-analysis were reported by wu et al., in which it was found that vitamin D supplementation was associated with a significant reduction of systolic Bp, but there was no evidence for diastolic Bp reduction [33] . on the contrary, no impact of vitamin D supplementation on the control of Ha was found in the recently published DayLigHt trial [34] . there are also observational studies concerning the association of lower
